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ecause of the increased concern over use of human body fluids in physiology teaching laboratories, we developed an exercise in renal function that utilizes laboratory rats. The purpose is to demonstrate the role of the kidneys in the homeostatic control of extracellular fluid volume, plasma ionic concentrations, and osmolarity. Three treatment groups are utilized: a volumeexpanded (access to 1 g/l00 ml sucrose) group, a volume-expanded and salt-loaded (access to 0.9 g/l00 ml NaCl) group, and a volume-depleted (water-deprived) group. A normovolemic control group (access to tap water) is also included. Rats are housed individually in metabolic cages that allow accurate measurement of fluid intake and urine output. Blood samples are removed via cardiac puncture. The animals recover from this procedure and can be reutilized within 2-3 wk. When class data are pooled, clear trends are seen that demonstrate the volume-, osmo-, and ionoregulatory abilities of the kidneys.
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One of the traditional laboratory exercises regarding extracellular fluid volume homeostasis and kidney function utilized in physiology courses is human urine production in response to drinking a large volume of fluid, either water or isotonic saline. In our experience, this exercise clearly demonstrates the volume-, osmo-, and ionoregulatory functions of the kidney and hypothalamus; however, there are concerns and issues related to human experimentation in physiology teaching laboratories. It is often difficult to establish baseline normovolemic data because of the variety of daily activities of students before attending lab. Quite often students do not follow instructions about exercise or eating and drinking before lab, and it can be difficult to obtain blood samples to demonstrate the regulation of plasma ions and osmoticity. In addition, there is increasing concern about the use of human body fluids in teaching laboratories and the ethical and liability issues regarding the intake of saline.
To circumvent these issues, we have retained the basic protocols utilized in the renal function exercise but have utilized rats as subjects rather than students. There are several advantages to using rats rather than humans as subjects, including better control of diet and fluid intake, 24-h urine collection with use of metabolic cages, and the ability to obtain blood samples without risk to the student, the instructor, or the lab technician.
PROTOCOL
Our subjects are female Sprague-Dawley rats weighing 250-300 g. Although the experiment will work with smaller animals, the larger ones produce a greater urine volume, and it is easier to obtain an 2) The volume-expanded and saltloaded group is given access to isotonic (0.9 g/100 ml) NaCl as the drinking fluid for 24 h, resulting in isotonic expansion of body fluid compartments.
3) The volume-depleted group is given no access to water or other drinking fluid for 24 h. 4) The control group is given free access to tap water. To retard evaporation, a thin layer of paraffin oil can be added to the flask or tube.
Bleeding Technique
To measure the parameters mentioned in the protocol, it is necessary to obtain 0.75-1.0 ml of plasma, which in our experience necessitates withdrawal of 2 ml of blood. We have chosen to obtain this volume of blood via cardiac puncture by use of the following procedure, which conforms with guidelines of the Canadian Council on Animal Care and the National Institutes of Health. Rats are anesthetized with halothane, and the blood sample is removed by use of a heparinized 21-gauge needle and 3-ml syringe. Once anesthetized, the rat is held ventral side up with one hand while the other is used to insert the needle beneath the sternum.
The needle is inserted at a 45" angle -1 cm into the thorax. Done properly, it is easy to obtain 2 ml within a few seconds. When the technique is performed by trained personnel, rats recover with no visual signs of distress. After the cardiac puncture all animals are given free access to tap water and food. Our experience has been that the animals can be reutilized within 2-3 wk of this procedure.
Although other methods of obtaining blood are available, we have found that Attachments include a graduated water bottle (100 ml) and urine collection tube. Fecal material is trapped in the wire screen that slides beneath the wire mesh floor of the cage. Urine passes through the screen and is funneled into the urine collection tube.
wire mesh floor cardiac puncture is much less stressful for the animal when this volume of blood must be drawn.
Analytic Procedures
Students measure the rat urine and plasma osmolality and the sodium and chloride concentrations during the lab period. Osmotic and free-water clearances.
where UosM is urine osmolarity, PoSM is plasma osmolarity, and CosM is osmotic clearance. Volume expansion by ingestion of 1 g/100 ml sucrose has a significant effect on fluid intake and urine output (ml/24 h) compared with the control group. It appears that rats in the sucrose group drink more than the necessary amount to replace fluid loss, and the urine flow rate reflects this increased intake. Because the excess fluid taken in is hypoionic to intra-and extracellular fluids, the volume expansion serves to dilute the body fluid ion concentrations (1, 3) . The physiological response is a reduction in antidiuretic hormone (ADH) release from the hypothalamus, thus decreasing water reabsorption. Inhibition of ADH release may result from a slight reduction in plasma osmolarity (detected by hypothalamic osmoreceptors) or increased blood volume (detected by stretch receptors in the systemic circulation). No changes in sodium or chloride clearances are noted because there are no changes in the total body mass of these ions, although, as one might expect, there are significant reductions in urinary ion concentrations and osmolarity. Free-water clearance becomes positive, thus reflecting the attempts to excrete the excess water while retaining valuable salt ions.
In contrast to the results of rats drinking sucrose solution, volume expansion and salt loading via ingestion of isotonic (0.9 g/100 ml) NaCl result in volume-depleted, and normovolemic (control) rats measured over 24 h. Volume expansion was accomplished by feeding rats a solution of 1 g/100 ml sucrose or 0.9 g/100 ml saline (salt). Volume depletion (dehydr) resulted when rats were denied access to water for 24 h. Values are means & SE (n = S/group). * Significantly diRerent from control (P c 0.05).
significant increases in NaS and Cl-clearances and urinary salt and osmotic concentrations well above those in the control group. Urine output is also elevated compared with the controls but is only about one-half the volume excreted by the sucrosetreated animals, reflecting the fact that fluid intake is less than that seen with the sucrose-treated rats. Volume expansion due to the intake of isotonic saline serves to increase the total body mass of sodium and chloride without alteration in the os- motic concentration of the intra-and extracellular fluids (1, 3) . Consequently, the increase in Na+ and Cl-clearances may reflect a reduction in aldosterone and/or increased atria1 natriuretic peptide (ANP) release, along with a drop in plasma ADH. The increase in fractional sodium excretion and osmotic clearance corresponds to the increase in ion clearances.
The free-water clearance value is very low because of the large osmotic clearance.
Volume depletion (dehydration) significantly reduces urinary output and increases urine osmolarity and how the data reflect the regulation of these hormones.
Conclusions
The ability of the mammalian nephron, in conjunction with the hypothalamus and adrenal cortex, to maintain plasma ion concentrations, osmolarity, I N N 0 V A T I 0 N S A N D I D E A S and extracellular fluid volume is emphasized in this laboratory exercise. The regulation of GFR and plasma Na+, Cl-, and osmotic concentrations can be demonstrated through the use of volume-loaded and volume-depleted rats simply by adjusting the salt and sucrose content of the drinking water. All of the trends apparent in the classic human renal function labs are reproducible in this exercise, with the advantage that blood and urine samples can be collected and analyzed accurately without health concerns for students or ethical issues concerning the ingestion of salt-or sucrose-ladened solutions. 
